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EVAPORATOR AND HEAT EXCHANGER WTIH EXTERNAL LcJfe t * 

7003 ^)4- 

FIELD OF THE INVENTION Mmdfcr^n K< 

The presCTLt invmtion relates generally to an evapotator and more specifically 
to an evaporator equipped with drainage means for inqiroving its efficiency and 
decrease the wear of a co-operating compressor. The invention also relates to a 
condenser to be used together with said evaporator in a heat exchanger of the plate 
type. 

STATE OF THE ART 



Evaporators and condensers are devices e.g. used for heat exchangers, such as 
e.g. slender tube heat exchangers, plate type heat exchangers, spiral heat exchangers 

IS etc. In a beat exchanger according to the plate type the media circulate inside 

alternating plates, typically made of metal and brazed together with sealed inlets and 
outlets forming closed duct systems within a package of intenicting, interconnected^ 
plates in which the media circulate under heat exchange. The pubJished patent 
application WO 00/03 1 89, Al, describes such a plate lype heat exchanger in more 

20 details 

Figure 1 illustrates the working piinciple of a conventional heat exchanger 
with a conspressor dxiv^ evaporation process. Such a beat exchanger includes an 
evaparaticm chamber 1 10 in which the cooling medium absorbs heat, Q, and 
thereafter evaporates whereupon it is directed to a compressor 120 and then jamher 

25 directed to a condenser chamber 1 30 where said medium emirs heat, Q, and 

condense. The medium is then fed bade to the evaporation chamber 110 through an 
expansion valve 140. A problem for the conventional heat exchanger illustrated in 
fig. 1 relates to the fact that accumulated liquid in tiie evaporation chamber, 
indicated by liquid level 150 in fig. 1, will decrease the ef&ciisncy of the heat 

30 exchanger, for reasons known to a person skilled in the art A further problem is that 
said accumulated liquid also increases the amount of liquid leaving the chamber 110 
with detdmental effects for the compressor 120, as known to a person skilled in the 
art. 

One way to increase the efficiency of the heat exchanger illustrated in fig. 1 is to 
35 provide additional healing of the medium in zone 170 and additional coohng of the 
medium in zone 160 in fig. 1, by means of a so called superheater/supeorcooler, as 
known to a person skilled in &e art The supe)dheater/stq>ercooler function will also 
decrease the wear of compressor 120 in fig. 1, since compressor 120 will receive a 
decreased amount of liquidi One problem in conventional heat exchangers is that 
40 these siq^eiiieaters/supercoolers are realised as external units making the heat 
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exchangers bulky and not always cost effective, A particular problem relating to heat 

exchangers of the plate type is that accumulated liquid medium in the lower parts of 

the evaporator will cause non usifonn streaming with a decreased efficiency as a 

result 

s The present invention solves or reduces the above problems. 

SUMMARY OF THE INVENTION 



It is an object of the present invention to solve the problems mentioned above. 
10 One object of the present invention is thus to provide a more efficient 

evaporator. 

Another object of the present invention is to decrease tlie wear of a 
compressor connected to, and co-operating with, an evaporator* 

Still another object of the present invention is to improve the efficiency of 
15 beat exchangers in general and heat exchangers of the plate type in particular. 

Still a further object of the present invention is to provide a heat exchanger of 
the plate type with an integrated siq>ercoolei/siq)crheater. 

The present invration provides an evaporator equipped with drainage means 
tiiat drain accxmmlated liquid fix)m the evaporator's lower parts. The drainage 
20 include an injector and/or a pump. 

The present inventiogi also provides a soperheater/supeicooler in a beat 
exchanger ofthe plate type by providing ioieractiiig delimited 2 
wcdianger's evaporator and condenser. 

The invention is defined by the accompanying claims l and 6, whereas 
25 advantageous embodiments are defined by the dependent claims 2-5 and 7-14. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail below, with reference to the accom- 
30 panying drawings, of which: 

Fig. 1 illustrates the working ininciple of a conv^tional heat exchanger; 

Fig. 2 illustnttes different embodim^ts of an evaporator used in a beat exchanger 

according to the present inventioo^ 
Fig. 3 illustrates an example of how a first plate side» ie. an A' fiont side, of a 
plate type heat cssdaangsa: according to the present invention could be 
designed; 

Fig. 4 illustrates an example of how a second plate side, i.e. a B' rear side, of a 
plate type heat exchanger according to the present invention could be 
designed. 
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A problem regaxdiDg ±e efEcimncy of an evj^orator is that ideally no liquid 
medium should leave tbe evG^oxator, i.c. flie liquid content of the evapofatBd 
medium should be zero, which is hard to obtain in practise. One otgect of the present 
invention is thus to provide a more efGcient evs^joiator by mjcimissng ifae liquid 
content of the evaporated medium leaving the evaporator. 

Another problem is fliat a higher liquid content of the evaporated medium will 
increase the wear of the co-operating compressor connected to said evaporator. 
Another object of the present invention is thus to decrease the wear of the 
compressor connected to the evaporator by TniwiTniciT.gr the liquid conteiit of the 
evaporated medium leaving the evaporator. 

A particular problem relating to heat exchangers of the plate type is that 
accumulated liquid medium in the lower parts of the evaporator wiU cause non- 
unifoim streaming with a decreased cfBdency as a result One object with Ihe 
present inveition is thus to improve the efficiency of a heat exchanger of the plate 
type by minimising the amount of accumulated liquid medhun in the evaporator. 

Another problem regarding heat exchangers is that the 
supeiheater/supercooler is an external unit, making Ihe heat exchangers bulky and 
not very cost efficient Still a further object of Ae present invention is Urns to 
provi de a heat exchanger of tbe plate type with an integrated 
supercooler/supeiheater. 

With reference to figure 2, the working principle for an evaporator according 
to the present invention wiU now be described. A medium, e.g. a coolant medium 
such as fieon, drculates from an evaporation chamber 110' to a compressor 120' and 
fiirther to a condenser 130' and finally back into tbe evaporation chamber 110' via 
an expansion valve 140% in fig. 2. According to the invention, the evaporation 
chamber 110' is equipped with drainage means 1 60' in its lower parts allowing 
accumulated medium in a Hquid state to be piloted m an external feedback loop. This 
WiU decrease the liquid level 150' in the evaporation diamber and thcicfore increase 
the efficiency of the evaporator as weU as decreasmg the amount of Uquid arriving at 
compressor 120', and as a consequence decrease the wear of the compressor 120% as 
understood by a person skiUed in the art. The drainage meam; consist of a connection 
e.g. by a hose, pipe or tube between an additional outlet 41 0' in the lower parts of 
the evaporation chamber 1 10' and an additional inlet 170' in an expansion means, 
such as an expansion valve 140', in a preferred embodiment Tbe expansion means 
may also be a capillary tube or the like. The expansion valve 140' is equipped with 
an additional mlet 170' for the feedback drainage in the prefeired embodiment. The 
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additional inlet 170* in the expansion valve 140' experience a negative pressure 
producing an injector effect caused by tiie medinm streaming throng^ the expansion 
valve 140' from condenser ISO"" to evaporator 110* at a relatively high velocity. This 
injector effect can be e:q>loited to transport the liquid medium from outlet 410' back 
5 into expansion valve 1 40 

In an alternative embodiment, the drainage means does notlead back into die 
expansion valve 140' but into the connection between expansion valve 140" and 
ev^oration chamber 110'^ as indicated by arrow 180' in fig. 2. 

In another embodiment, said external loop leads back directly into said 
10 evaporation chamber 1 10% illustrated by arrow 190' in fig. 2. 

In yet a further embodiment, said drainage means 1 60' comprise a pump. 
Injector effects as described above may also be exploifanl in these alternative 
embodimrats. This means that an expansion driven injector wiU be used to tram 
the medium through the drainage means according to the invention. 
15 The evaporator, condenser and heat exchanger accordhig to the present 

invention shall now be described in more detail for the specific case that the 
evaporator and condeoser are realised in form of a heat exchanger of the plat^ type. 
Plate type heat exchangers are generally known devices for heat exchange betwe^ 
di^rent media and are used in a multitude of contexts and tiie present invention is 
20 not limited to any special application* However, the invention is most easily applied 
to plate type heat exchangers of the wholly brazed type. This means that the heat 
exchanger consists of plates having a groove pattern and inlet and outlet connections 
for die media. The plates are placed in a package and are brazed togetiier into a fixed 
xxmt. Separate ducts are thus formed for the media, typically circulating in opposite 
2S directions between alternate pairs of plates. This technique is commonly known and 
will not be described in detail here. 

For illustrative purposes only, the invention will here be described for the 
particular case with a heat exdbjmger in which heat exchange takes place between 
three media, I, n and HI but the invention is applicable for heat exchange between an 
30 arbilxaiy number of media. The media used could for instance be: I=freon, Il-brine 
• andni'^atv^ but otiier alternatives exist as known to a person skilled in the art 

Refening now to figure 3 , a front side A' of a plate 300 of a heat exchanger of 
the plate type accordiiig to the present invention is dq)icted. The plate i^ 
. illustrated in its correct operational standing position, i.e. die force of gravity is 

[ 35 working downwards in fig. 3. The A' side is equipped with an mlet 305 and outlet 
3 10 for the n medium together with an inlet 315 and outlet 320 for medixim L A 
barrier D separates the media from each other so that mediiur II will circulate to the 
- left hand side of barrier D and medium I to the right hand side of barrier D in fig, 3, 

: i.e. in the condenser chamber 380, According to the invention, a finllier barrier E is 
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«ud2oneA «^^c<ad«nser climber 380 in which medium I circular TT,e 

Refering ""W to fiff. 4, 4e tear side. B', of tte plate 300 in fig. 3 is iUustraled 
n .B cozTeCoperation,lstandingposifion.Tl»B- side W Inlets -^sLd^T^ 
^1 outlet 415 and 425 a.d a banierF wU<* a^Jf^H 

«0 mthclowcrpans of evaporation dumber 450. conned ,„ 
the oxtoal dramage means 430, according to Ihe present invention The 

wmreterence to fig. 2. and can be realised in the same way Thus a,edn.)n,« 
.5 m«ms 430 consi^ of a common e.g. by ahose. pipe or ^t«;^^o 

r.ZTlO by arrow 460 m ^g. 4. or. alterTJ^een 

^^470i:^gTr^:!rrr^°°"^^'^"^°"'^^ 

4^. mr.^:^'^:^;t^i^ -ulet 41 0 and an additional inlet 
20 effect described i,o^n. - ^^'^'^*'^°»*^iS«*>f 

3ccordingto^presentinven.ionth.auZS::^S^^' 

star.ingdJ:^^^S^:^7^-^-.—a,e.y after 
30 tfarouBh the u * relatively large amount of Hquid draimng 

and decreS ^Set^^"'*" '^'^ 

''"='™'"^<!<»npres«OT.asapcreonskiUedintheartrealises 

Now,w,lhreferencetofi8.3and4,tteworidngprineiplefeAeW 

-^^e.g.JLpS.^toTgr:rnSlSe'^ 
I»lotedd<™nw,rdsinadactchamber385nnderhLto^,:^L'm^rand 
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thereafter leaves through ontiiet 310 at a lower texnperatuie, e.g. Ty to be piloted 
back to the ground in a closed loop. 

Inlet 3 1 5 is fed with medium e.g. fireon, by COTipressor so that medium I 
CTiters into condenser chamber 3 80 throug^i inlet 315 imder high pressure and high 
5 temperature, e.g. 80*" C. Medium I is piloted towards the inlet 370 of the channel C" 
under heat exchange with medium III and further up through the channel C ' and 
piloted throu^ the delimited zone A* * under heat exchange with itself. Thus, the 
zone A' ' according to flie present invention provides a double efiect in that it works 
as a superheater during the evaporation stage of medium I and as a sup^^oler 
10 during the condensing stage of mediiun I. Thus» medium I is further condensed ia tiie 
delimited zone A*\ This increases the efSdency of the heat e:cchanger and reduces 
tibie wear of the compressor^ as a person skilled in ^ art will understand. 

The mediimi I leaves outlet 320 at a lower temperature, e,g. 32° C, and is 
thereafter fed to expansion valve 440. After passing the expansion valve 440. 
15 medium I enters througih inlet 40S at a considerable lower pressure and temperature, 
e.g. 2^ C. The medium I starts to evaporate at a lower pressure and evaporates 
further when heated ia evaporation chamber 450. Medium I is then pDotcd towards 
the delimited zone B' * under heat exchange with medium 11, to exit flurough oudet 
415. When arriving at the delimited zone B' % the temperature of medium I in this 
20 iflustrative example will be around 7^ C, Medium I has a heat exchange with itself in 
the delimited zone B'^, as described above, and is thus in this stage, i.e. the 
evaporation stage, subject for above described superheater function. The supedieater 
ensures that all liquid evaporates before amving to the compressor, which will 
furtha increase the efficiency of die heat exchanger and reduce the wear of the 
25 compressor, as a prason skilled in the art realises. 

Furthcmiore, accumulated medium I in form of liquid -jvill be fed back by the 
drainage means 430 according to the present invention, as described above. Medium 
I will thereafter be directed from outlet 415, at a higher temperature, e.g. 10** C, to 
the compressor in a closed loop. 
30 Thus, Inedium I circulates in a closed loop from evaporation chamber 450 to 

the compressor and fiirther to the condenser chamber 3 80 and thereafter back to the 
evaporation chamber 450 through oqiansion valve 440. Medium I can also circulate 
in the feedback loop formed by the drainage outlet 41 0 and the drainage means 430 
according to the present invention, described above. 
35 Medhim ni, e.g. water, enters through mlet 420 at a relatively lower 

temperature, e.g. C, and leaves outlet 425 at a relatively higher temp^ture, e,g, 
44** C, since medium m has heat exchange with medium I hi the beat exchanger. 
Medium HI enters into a diict chamb^ 485 through an inlet 420 at a relatively low 
temperature, e»g. 38° C, and is piloted dinnigh said duct chamber 485 under heat 
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excbange with said medium I. Said medium m then leaves said duct chamber 485 
throug)i an outlet 425 at a relatively higher temperature, e.g. 44" m. Thus, as a net 
effect^ medium 11 has given a certain arooimt of heat to medium m. 

Aidiough the prraent invention has been described in the case for an 
5 evaporator and condenser in a heat eKchanger of the plate type used for a heat pump 
application, it shall be understood that the invention is applicable in a wide variety of 
heating and/or cooling applications. For instance, a person skilled in the art realises 
that above described process can realise an air condition application, the heat 
exchanger need not be of a plate type etc. Furtheamore, the evaporator according to 
10 the invention can be used not only in heat exchangers but is a]>plicable in any 
evaporating process. Figures 3 and 4 are not to scale and illustrate merely tiie 
working principle of the invention by way of example. Therefore, a person skilled m 
the art can realise the invention in many different ways without departing from the 
scope of the present invention as defined by the following claims. 
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CLAIMS 

1 . An evaporator comprising an evaporation chamber (1 10') having at Icsast one 
5 inlet and at least one outiiet allowing a medium to enter into, and exit from, 

said chamber, charactetised in Aat said ev£^oration chamber (110') is 
eqaqyped with an external loop (160') adapted to drain said medium fiom the 
lower parts of said evapoxation chambeir (1 10') and introduce said medimn 
back into the evaporation chamber (1 10')> 

10 2. An evapoxator according to clsdm 1 , characterised m that said udet is 

connected to an expansion means (140') by connection means, said expansion 
means (140') being equqyped witih an additional inlet (170*), and that said 
extemal loop (1 60') is arranged to introduce said medium back into the 
evaporation chamber (110*) through the additional inlet (170') of said 

IS expansion means (140*). 



3. An evapoxator according to claim 1 , characterised in that said inlet is 
equipped with an additional inlet (1 70'), and that said external loop (160') is 
arranged to introduce said medium back into the evaporation chamber (1 10*) 

20 through said additional inlet (170*) by means of an expansion driven ii^'ector. 

4. An ev^orator according to claim 1, characterised in lhat said external loop 
(160') comprises a pump. 

5. A heat exchanger characterised in that it comtpxises an evaporator according 
to any of claims 1-4. 

25 6. A heat exchanger ofihe plate type formed ofinteracting alternating plates 
having a groove pattem forming at least two separate duct loop systems 
allowing a first medium 0) to circulate in the first of said duct systems under 
heat exchange with a second medium 01) circulaling in the second of said 
duct systems, wherein said first duct loop sj^tem C(niq>rises a part forming an 

30 evaporation chamber (450) having at least one inlet (405) and at least one 

outlet (415) allowing said medium (I) to enter into, and exit fiom, said 
chamber (450), characterised in that 

said evaporation chamber (450) is equipped with an additional outlet (410) 
connected to drainage means (430) adapted to drain said medium (I) from said 
35 evaporation chamber's (450) lower parts in an external loop and introduce 

said medium (I) back into said evaporation chamber (450). 
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7> A heat exchanger accordiiig to claim 6, characterised Sn that said interacting 
plates fozxQ a third dact system in which a third mediiini (III) can circulate 
under heat exchange with at least said first medium (I). 

8. A heat exchanger according to claim 7, characterised in that said chambear 
5 (450) has a delimited zone (B' *), defined, and, 

that flie oaHet (415) of said chamber (450) is connected, via a compressor, to 
a part of said IBrst duct syst^ fonning a condenser chamber (380) having a 
substantially vratical channel (C") piloting medium (I) fiam said chamber's 
(380) lower parts up into a delimited defined zone (A* ' ), 
10 wherein said medium (J) can circulate in said zones (A' ') and (B") under heat 

exchange with itsel£ 

9. A heat exchanger according to claim 8, forflier duurscterised in riipt it 
compiises: 

- a duct chamber (385) having an inlet (305) and ouflct (310) allowing said 
15 medium (U) to enter said duct chamber (385) through said inJet (305) to be 

piloted through said duct chamber (385) under heat exchange wifli said 
medium (J), and to leave said duct chamber (385) through said outlet (310), 

- an evaporation chamber (450) having an inlet (405), an outlet (415) and a 
delimited zone (B")> allowing said medium (I) to enter through said inlet 

20 (405) to be piloted through said evaporation chamber (450) under heat 

exchange with said medium (H) and further through said zone (B' *) under 
heat exchange with itself and to leave said ev^oration chamber (450) 
througli an outiet (415), an4 

- a compressor and a condenser chambor (380) having an inlet (315) and an 
25 outlet (320), said condenser chamber (380) further having a delimited zone 

(A**) and a substantially vertical channel (C") leading to said delimited zone 
(A") fiom said condenser chamber's (380) lowor parts and said con^piessor 
being connected to said outlet (41 5) and said mlet (315), allowing said 
medium (I) to be piloted fix>m said outlet (415) into said condenser chamber 
* * 30 (3 80) through said inlet (3 15) via said compressor and further piloted through 

: said condenser chamber (380) under heat exchange with said medium (III), 

aJid further piloted vp through said channel (C") into and tibrough said zone 
(A' '> through which said medium (I) is allowed to be piloted under heat 
- - • exchange with itsdf and thereafter to leave said condoQser chamber (380) 

. 35 thrpugh said outlet (320), and, 

e^ansion valve (440) connected to said ouflet (320) and inlet (405) 
• . * allowing said mednan (I) to be piloted firem said condenser chamber (3 80) 

.:' into said evaporation chamber (450) throng said inlet (405) via said 

. . • expansion valve (440), and, 
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- a duct chamber (485) having an inlet (420) and an outlet (42S) aUowing said 
medium (UI) to enter into said duct chamber (485) through said inlet (420) 
and to be piloted through said duct ohaniber (485) under heat exchange with 
said medium Q) and allowing said medium (m) to leave said duct chamber 
s (485) througlh said outlet (425). 

10. A heat exchange according to any of claims 6-9, characterised in that said 
drainage means (430) are arranged to introduce said medium (J) back into the 
evaporation chamber (450) through an external expansion means (440) 
feeding said inlet (405) with medhim (I). 

10 1 1. A heat exchanger according to any of claims 6-9, characterised in that said 
drainage means are arranged to introduce said medhun 0) in an additional 
inlet by means of an expansion driven iryecton 

12. A heat exchanger according to any of claims 6-10, characterised in that said 
drainage means (430) comprise a pump. 

15 13. A heat puxnp system cliairacterised in that it comprises an evaporator 

according to claims 1-4 and/or a heat exchanger according to claims 5-12, 

14. An air condition system characterised in that it comprises an evaporator 
according to claims 1-4 and/or a heat exchanger according to claims 5-12. 
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The present inventiox} relates generally to an evs^wsrator and mare ^edfically 
to an evaporator having an evaporating chamber (110') eqmpped witii drainage 
means (160')- The drainage means (160') drain accumulated liquid from the 
evaporator's lower parts and indnde an external expansion driven injector and/or an 
external punq>. The evaporator according to the invention can be used e.g. in a heat 
exchanger, e.g- in a heat pump system or air condition system, and said vacuum 
driven injector can be integrated with an e!q)ansion means (140') of the heat 
exchanger. The invention also relates to a condenser to be used together with said 
evaporator in a heat exchanger of die plate type rcalismg an integrated 
superheater/supercooler. This is accomplished by the definitioa and use of delimited 
interacting zones through which the cooling medium circulates under heat exchange 
-with itself. 



(fig. 2) 
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BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



^ BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

y( COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES.OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



